On the supergravity side, we study the propagation of the RR scalar and the dilaton in the D3-branes with NS B-field. To obtain the noncommutative effect, we consider the case of B → ∞(θ → π/2). This corresponds to the black D-string background. In this background, the RR scalar induces an instability of the near-horizon geometry. However, it turns out that the RR scalar is nonpropagating, while the dilaton is a physically propagating mode.
I. INTRODUCTION
Recently noncommutative geometry has attracted much interest in studying on string and M-theory in the B-field [1] [2] [3] [4] [5] [6] [7] . For simplicity, we consider supergravity solutions which are related to D3-branes with NS B field. According to the AdS/CFT correspondence [8] , the near horizon geometry of D=7 black hole solution can describe the large N limit of noncommutative super Yang-Mills theory (NCSYM). We take a decoupling limit to isolate the near horizon geometry from the remaining one. It turns out that the noncommutativity affects the ultra violet(UV) regime, leaving the infra red(IR) regime of the Yang-Mills dynamics unchanged. The NCSYM is thus not useful for studying the theory at short distances. It is well known that an NCSYM with the noncommutativity scale ∆ on a torus of size Σ is equivalent to an ordinary supersymmetric Yang-Mills theory (OSYM) with a magnetic flux provided that Θ = ∆ 2 /Σ 2 is a rational number [9] . The equivalence between the NCSYM and the OSYM can be understood from the T-duality of the corresponding string theory. Hence the OSYM with B-field is the proper description in the UV region, while the NCSYM takes over in the IR region. Actually, the noncommutativity comes from the B → ∞ limit of the ordinary theories [5, 6, 10] .
We remind the reader that, aside the entropy, there exists an important dynamical quantity, "the greybody factor(absorption cross section)" for the quantum black hole [12] [13] [14] [15] . On the string side, there was a calculation for the absorption of scalars into the noncommutative D3-branes [16] . However, the authors have not considered the RR sectors in Ref. [16] .
Myung, Kang, and Lee [17] have studied the quantum aspect of the D3-brane black hole in B-field background using a minimally coupled scalar. Such minimally coupled field might describe fluctuations of the off-diagonal gravitons polarized parallel to the brane (h ab , a, b = 0, 1, 2, 3). They derived the exact form of the absorption cross section(σ l ) in B-field on the supergravity side. It is well known that the cross section can be extracted from the solution to the linearized equation after the diagonalization. Hence it does not need to take the decoupling limit. It turns out that σ
. This implies that the presence of the B-field suppresses the curvature effect surrounding the D=7 black hole.
Recently, Kaya [18] has calculated the absorption cross section for the RR scalar in the D3-brane with B-field [18] . He claims that the greybody factor does not change even if the B-field is large. However, we point out that such a calculation is incomplete as will be shown below. He missed the important case of B → ∞, and considered the RR scalar field equation only so that the constraint imposed by other field equations was neglected.
Furthermore, his analysis was done without the waves propagating along the world volume directions.
In this paper we study the propagations of the RR scalar(χ) and the dilaton(Φ) by D3-branes with B-field. Here we use all information contained in the equations of motion, the Bianchi identities, and the gauge condition for graviton. In the absence of B-field, such fields as well as gravitons polarized parallel to the D3-brane belong to minimally coupled scalars as well known. However, in the presence of B-field, these scalars are coupled to the background nonminimally. In this sense, we may regard such fields as the fixed scalars.
Actually, in the case of B → ∞, the dilaton(RR scalar) turns out to be (non)propagating modes. It is very important to test whether or not there is a change in the absorption cross sections of the dilaton between the commutative and the noncommutative cases.
The organization of this paper is as follows. In Sec.II, we briefly review the field equations relevant for our study. Sec.III is devoted to analyzing the perturbations. The propagation of the RR scalar is investigated in Sec.IV. This induces an instability of the near-horizon geometry in the black D-string background. Sec.V deals with the propagation of the dilaton with the dilaton gauge. In Sec.VI, we study the propagation of the dilaton with the harmonic gauge and obtain its absorption cross section. Finally, we discuss our results in Sec.VII.
II. FORMALISM
We start with the low energy limit of type IIB superstring action in the Einstein
where Φ is the dilaton, χ the RR scalar, B 2 the NS two form, C 2 the RR two form, and C 4 the RR four form. And one has
with the self-duality constraint F 5 =F 5 at the level of the equations of motion. The relevant equations of motion lead to [19] 
In the string frame, Eqs. (3)-(7) take the following forms
In addition, we need the remaining Maxwell equations, as three Bianchi identities
The solution of D=7 extremal black hole for the D3-branes with non-zero B 23 -field is given as follows in the D=10 string frame [5] 
From now on we work in the string frame and thus neglect the subscript "s". Here the asymptotic value of B-field isB 
III. PERTURBATIONS
Now let us introduce the perturbations to derive the greybody factor as [20] 
with all other perturbations to be zero. For the perturbations above, we keep the background symmetry up to the linearized level. General fluctuations give a complicated system of differential equations:
with δΓ 
or the harmonic gauge [22] ∇ Mĥ M P = 0.
Although such choice of gauge condition does not eliminate all of the gauge freedom, it simplifies the perturbation equations. We note here that, although the equation (21) 
IV. RR SCALAR PROPAGATION
Now let us consider the spacetime dependence
with∇
denotes spherical harmonics on S 5 with unit radius.
Here η l (r) is the radial part of the l-partial wave of energy ω. To get the noncommutative effect, it is very important to assume the coordinate dependence along the world volume directions. Then Eq. (21) takes the form 
). For simplicity, we require the low energy limit of ω → 0 with ω 2 > k 
in the leading-order calculation. We note here that σ 
For an arbitrary B-field, one always finds σ 
We can rewrite the last term in (34) in terms ofR θ ,f = 1 +R 
For the leading-order calculation, it is sufficient to consider the first term of the RHS of Eq.(35). Usingη = r −5/2η , Eq. (34) leads to the Schrödinger-like equation as
As will be shown in Eq.(60), the first term in Eq.(37) plays a role of energy term with E = 1 in the near horizon of r < R θ . For r > R θ , the first term can be ignored. seem to appear as r → 0. However, this is a coordinate artifact.
Using the coordinate z in Sec.VI instead of r, one cannot find such singular behaviors in the near horizon.
V. DILATON PROPAGATION WITH THE DILATON GAUGE
In this section, we wish to study the propagation of the dilaton with the dilaton gauge in (26). Under this gauge the dilaton equation takes a rather simpler form than the harmonic gauge [21] . Assuming
the dilaton equation (22) leads to 
Eq. (42) 
Using the dilaton gauge, the last three terms turns out to be ∂ r (−h r r + 1 2 h). Then Eq. (44) gives us a crucial relation
We point out that the same relation (45) can be found if one uses the harmonic gauge (27) [20] . For simplicity, we can set h . It is easily proved that, considering (16) and (17) only, one finds that the dilaton equation (22) leads to Eq.(34). Hence the presence of the last term is important to distinguish the dilaton from the RR scalar. Without B-field, the fixed scalar λ is given by [14] 
where V is the world volume measured in g M N . This implies that a trace of gravitons(h This is so beacuse we have no further information for h 
Using Eq. (9), one obtains a scalar equation
For an s-wave propagation, it is sufficient to consider Eq. (49) 
with the Lichnerowitz operator [22] 
With the dilaton gauge, we use Eq.(51) to obtain
The last term in (53) with the dilaton gauge gives rise to a difficult relation for h M N to solve Eq. (50). Hence we'd better use the harmonic gauge condition.
VI. DILATON PROPAGATION WITH HARMONIC GAUGE
The equation (50) with (52) and (27) leads to
Also the dilaton equation (22) takes the form
Choosing Eq. (27) 
The two equations (56) and (57) should be the same one. Here we assume h Then one finds a relation 
for the leading-order calculation. Finally, it remains to find an approximate solution to
Eq.(60) for low energies (ω → 0) and derive the absorption cross section. We devide the space into three regions(I, II, III) and then match solutions in them together. In the near horizon region(I) the equation takes the form
where ρ =ωr. Defining ρ =
I , this leads to
which is nothing but the standard Bessel equation forφ I (z) = H √ 6 (z). The above equation
can be interpreted as the Schrödinger-like equation with the energy E = 1 which is valid for large z(in the near horizon of r → 0). The solution is given bŷ
In the intermediate zone(II), theω-term can be ignored. Thus one finds the solution
In the far infinity region(III) we have the equation
Its solution is given byφ
Matching III to II leads to
Also matching I to II gives
Considering the ratio of the flux at the horizon(r = 0) to the incoming flux at infinity leads to the absorption probability as
Finally, we obtain the s-wave absorption cross section of the dilaton in the B → ∞ limit as
VII. DISCUSSIONS 
For the case of s = 32 case, one finds an interesting cross section 
which is the same order as in h 
Hence we find that the new scalars appeared in the B → ∞ limit may take a value of −4 ≤ s ≤ 32. Especially, the RR scalar with s = −4 is not allowed for matching procedure and thus it cannot be a propagating mode. And the dilaton has s = 2 and its absorption cross section is given by (70). For s = 0 case(minimally coupled scalar), one can recover (33) with θ = π 2 from (72).
In conclusion, in the B → ∞ limit, the noncommutative effect is turned on. In this case, we find that the RR scalar is not a propagating mode, but the dilaton plays a role of the fixed scalar. Its absorption cross section takes a different form from that of the minimally coupled scalar. Analysis for an arbitrary θ(B) remains unexplored. 
